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Listing of Claims 

This listing of claims will replace all prior versions and listings of claims in the 
application: 

1. (currently amended) A method of forming a ceramic coating on a solid state electrochemical 
device substrate, comprising; 

providing a pon-shrmkjng solid state electrochemical device substrate, the substrate 
consisting essentially of a material selected from the group consisting of a porous non-noble 
transition metal, a porous non-noble transition metal alloy, a porous cermet incorporating one or 
more of a non-noble non-nickel transition metal and a non-noble transition metal alloy, a porous 
cermet, and a porous metal oxide or mixed metal oxide; 

generating a suspension of ceramic material in a liquid medium of isonropvl alcohol 
(TP A), the suspension having a concentration and size distribution of ceramic narticles selected to 
provide a uniform and intact dense ceramic f ollowing drying and sintering of the <v>at^ 
substrate: 

applying a coating of the suspension of the ceramic material a m - m c dium directly to the 
noil-shrinking substrate material using electrophoretic deposition with a ramped voltage profile : 



drying the coated substrate material; and 

sintering the coated su bstrate in an inert or reducing atmosphere. 

whoroin the ceramic material in tfao liquid medium is compriaod of ooramic particles with 
a size distribution aoloctod to oliminato crnclring in th e- coating applied to the substrato during 
drying and sintering of the coated substrate . 

2. (original) The method of claim 1, wherein the coated substrate material is dried in air at 
room temperature up to about 80°C. 

3. (original) The method of claim 1, further comprising: 

stirring the suspension of ceramic material during the electrophoretic deposition. 
4-5. (cancelled) 

6. (currently amended) The method of claim I claim -4, wherein the voltage profile is a time 
varying voltage. 
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7. (original) The method of claim 6, wherein the voltage profile is ramped up to yield a 
current density of about 10 to 50 jxA/cm 2 . 

8. (original) The method of claim 1, wherein the size distribution is selected to reduce a 
firing time of the coated substrate. 

9. (original) The method of claim 1, wherein the size distribution is selected to reduce a 
firing temperature of the coated substrate. 

10. (original) The method of claim 1^ wherein sizes of the ceramic particles range from about 
0.1 to 1 microns. 

11- (original) The method of claim 1, wherein the sizes of the ceramic particles are preferably 
about 0.3 microns. 

12- 13. (cancelled) 

14. (currently amended) The method of claim 1Q claim 13, wherein concentration of ceramic 
particles in the (IP A) is about 0.25 grams of ceramic material per 100ml IP A to 1 gram of 
ceramic material per 100 ml IPA. 

15. (original) The method of claim 1 ? wherein the suspension of ceramic material in the 
liquid medium is generated by dispersing a ceramic powder in the liquid medium using an 
ultrasonic probe. 

16. (cancelled) 

17. (currently amended) The method of claim 1 claim 16 , wherein the sintering firing 
temperature is between about 1200 and 1400 o C 

1 8. (currently amended) The method of claim 17 claim - l^ , wherein the firing time is between 
about 0.5 and 4 hours. 

19. (currently amended) The method of claim 1 e toim 16 , wherein the firing is conducted at a 
temperature sufficient to substantially sinter and densify the coating without melting the 
substrate. 

20. (original) The method of claim 19, wherein the sintered coating is gas-tight and greater than 
about 90% densified 

21. (original) The method of claim 20, wherein the sintered coating is greater than about 95% 
densified. 
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22. (original) The method of claim 19, wherein the sintered coating is no more than 2% porous. 

23. (original) The method of claim 19, wherein the sintered coating is a6out 1 to 50 microns 
thick. 

24. (original) The method of claim 19 , wherein the sintered coating is about 3 to 30 microns 
thick. 

25. (original) The method of claim 19, wherein the sintered coating is about 5 to 20 microns 
thick. 

26. (original) The method of claim 1, wherein said substrate is planar. 

27. (original) The method of claim 1, wherein said substrate is tubular. 

28. (original) The method of claim 1, wherein said substrate material is initially green. 

29. (cancelled) 

30. (original) The method of claim 1, wherein said substrate material is pre-sintered such that 
after the ceramic material is applied, only the ceramic material densifies in the firing step. 

31. (original) The method of claim 1 wherein said substrate material is selected from the group 
consisting of transition metals chromium, silver, iron, copper, and nickel. 

32. (original) The method of claim 1, wherein said substrate material is an alloy selected from 
the group consisting of a lownihromium fenitic steel, an intermediate-chromium ferritic steel, a 
high-chromium ferritic steel, a chrome-based alloy, and chrome-containing nickel-based Inconel 
alloy. 

33. (original) The method of claim 32, wherein said alloy is selected from the group consisting 
of Cr5Fel Y and Inconel 600. 

34. (original) The method of claim 1, wherein said substrate material is a cermet selected from 
the group consisting of at least one of La^Sr^MnyOj-s (l>5O0.05) (0.95<y<1.15) ( <4 LSM 9, ) 5 La^ 
x Sr x Co0 3 ^ (1>X>0.10) ("LSC")> SrCoi-xFe^-s (0.30>X>0.20), Lao,6Sro.4Coo.6Feo.403.s, 
Sro^CeoaMnC^ LaNio.6Feo.4O3.fc Smo.sSro^CoC^ yttria stabilized zirconia (YSZ) 3 scandia 
stabilized zirconia (SSZ), (CeO^o.^GdaO^o^ (CGO), Lao.8Sro.2Gao.e5Mgo.15O2.s25 (LSGM20-15), 
01203)0.75(^203)0.25 ^d alumina, in combination with at least one of transition metals Cr, Fe, 
Cu, Ag 9 an alloy thereof, a low-chromium ferritic steel, an intermediate-chromium ferritic steel, a 
high-chromium ferritic steel, a chrome-based alloy, and chrome-containing nickel-based Inconel 
alloy, 
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35. (original) The method of claim 34, wherein the LSM is selected from the group consisting of 
Lao.$Sro.^Mri03-s v L%65Sr 0 .3oMn0 3 -s, lAU5Sro.ssMn0 3 -s> 

36. (original) The method of claim 34, wherein said chrome based alloy is CrSFel Y, 

37* (original) The method of claim 1, wherein said coating material is solely an ionic conductor. 

38. (original) The method of claim 37, wherein said coating material comprises at least one of 
yttria stabilized zirconia (YSZ), scandia stabilized zirconia (SSZ), doped cerium oxide including 
(Ce02)o.s(Gd 2 03)o.2 (CGO), Lao.8Sro2Gao.85Mgo.15O2.855 (LSGM20-15) and (Bi 2 03)oj5(Y 2 0 3 )o.25- 

39* (original) The method of claim 39, wherein said coating is yttria stabilized zirconia, 

40. (original) The method of claim 39, wherein said yttria stabilized zirconia is at least one of 
(Zi02)o.92(Y20 3 )o.o8 and (Z^o.^^Vio). 

41. (original) The method of claim 1, wherein said coating is a mixed ionic electronic conductor. 

42. (original) The method of claim 41, wherein said coating comprises at least one of SrCoi_ 
xFexOss (0.30 > X £ 0.20), Lao.6Sro,4Co 0 .6Feo.4Q3^ Lao. s Sro^Mn0 3 , Lao.e*Sr 0 .3oMnO^ 
Lao^Sro.ssMnOs^, Sro.7Ceo.3Mn0 3 ^LaNio.6Feo.40 3 ^ Smo.sSro.sCoC^ andLai. x Sr x Co0 3 -5. 

43. (original) The method of claim 41 9 wherein said coating is SrCoojsFeajsOs-s. 

44. (original) The method of claim l 9 wherein said sintered coaling material and said substrate 
have substantially matched coefficients of thermal expansion. 

45. (original) The method of claim 1, wherein said sintered coating material and said substrate 
have coefficients of thermal expansion within about 20% of one another. 

46- (original) The method of claim 1, wherein said sintered coating material and said substrate 
have coefficients of thermal expansion within about 10% of one another. 

47. (original) The method of claim 1, wherein said sintered coating material and said substrate 
have coefficients of thermal expansion within about 2% of one another. 

48. (original) The method of claim 1, wherein the electrochemical device substrate is a high- 
strength metal or alloy support, and further comprising casting a thin layer of a material having 
high electrocatalytic activity on top of the porous high-strength metal or alloy support 

49. (original) The method of claim 48, wherein said the layer of material having high 
electrocatalytic activity comprises Ni-YSZ, 
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50. (currently amended) A method of forming a YSZ (Yittria Stabilized Zircoixia) ceramic 
coating on an LSM (Lanthanum Strontium manganite) substrate using EPD (electrophoretic 
deposition), comprising: 

providing the LSM substrate; 

generating a suspension of YSZ material in a liquid medium of isopropyl alcohol (IP A) 
the suspension having a concentration and size distribution of YSZ particles selected to provide a 
uniform and intact dense ceramic following drying and sintering of the coated LSM ; 

applying a coating of the suspension of the YSZ material in a liquid medium to the LSM 
$ubstrate material using EPD with a ramped voltage profile : aa4 

drying the coated LSM substrate; and 

sintering the coated substrate in an inert or reducing atmosphere 

wherein tho YSZ material in the liquid medium is oomprisod of YSZ particles with a size 
distribution Golcctod to eliminate cracking in the se ating ap p lied to the LSM substrato during 
d rying of the YSZ c o ated LSM oubstrate . 

51. (cancelled) 

52. (original) The method of claim 50, wherein the voltage profile is ramped up to yield a 
current density of about 10 to 50 jjA/cm 2 . 

53. (original) The method of claim 50, wherein the size distribution is selected to reduce a 
firing time of the YSZ coated LSM substrate. 

54. (original) The method of claim 50, wherein the size distribution is selected to reduce a 
firing temperature of the YSZ coated LSM substrate. 

55. (original) The method of claim 50, wherein sizes of the YSZ particles range from about 
0.1 to 1 microns. 

56. (original) The method of claim 50 3 wherein sizes of the YSZ particles are preferably 
about 0.3 microns, 

57-58. (cancelled) 

59. (original) The method of claim 5 0 ? wherein concentration of YSZ particles in the (IP A) is 
about 0.25 grams of YSZ material per 100ml EPA to 1 gram of YSZ material per 100ml IPA. 
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60- (cancelled) 

61 , (currently amended) He method of claim 60, wherein the sintering firing temperature is 
between about 1200 and 1400°C. 

62, (currently amended) The method of claim 61 g kum'6 0, wherein the firing time is between 
about 0,5 and 4 hours. 

63, (currently amended) The method of claim 50 eiaim - 6 0, wherein the firing is conducted at 
a temperature sufficient to substantially sinter and density the coating without melting the 
substrate. 
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